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-WATIOQNAL ADVISORY COMMITTEE FOR AERONAUTICS

- TECENICAL MEMORANDUM ¥O. 677

STRESSES DEVELOPED IN SEAPLANES WHILE TAEKING OFF AND LAF¥DING*

By Rudolfo Verduzio
DEFINITION OF TEE PROBLEM

The many recent improvements in aircraft whose weight,
howvever, cannot be increased beyond certain 1limits, have
led to a more intensive study of aircraft structures.

This has resulted in a more rigorous epplication of modern
principles of construction, based on a better knowledgse

of the effects of oscillations and vibrations, thus great-
1y reducing the frequency of failures. Really dangerous
vibrations are due to the coexistence of minimum dimen—
sions, elasticity of materials and faulty design. lioreov-
er, failures may result from deformations causing varia-
tions in the aerodynamic forces of the same frequency as
the vibrations themselves., There is need, therefors, of

a thorough analysis of the forces producing the greatest
stresses both in air at rest and when more or less dis-
turbed, ‘

iuch progress has been made in the knowledgoe of aero-
dynamie rcactions, to whicn ongianeers in every country

‘have contributed, so that all the principal countries havo

published instructions for aircraft designers. Progress
has also becn mado in the dotermination of tho possible
reactions on every part of an aircraft under all the vari-
ous conditions %o whlch it may be oxposed aspocially.in
taLlng of f and in landing. -

On an airplane an elastlc system, generally consist—,
ing of pneumatic tires ‘and shock absorbers, absorbs the
vertical component of the kinetic energy at the moment of
landing. This phenbmenon (fig..l) has a double vibration
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*"Sollecitazloni alla parteni”““d all'ammaramentoﬂnegli
idrovolanti," a paper presented at the twentleth annual
meeting of tha Societa Italiana per il Progresso. delle
Sci:enze; Milan, Sept. 12-19, 1931. L'Aerotecnica, Nov.,
1931, pp. 1343-1405,
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with one frequency twice the. other, but rather sliow, The
rapid oscillation occurs in the middle with a frequency of
about an oscillation and a half in the second minute,-
which is not excessive considering the elasticity of the
system, It is always possible, therefore, to arrange
things so that, in normal landings, the maximum impact
force doss not exceed a certain fixed value of five to six
times the welght of the airplane.

In the case of . a seaplane, however, the lack of elas-
tic shock absorbers, the presence of which might be quite
dangerous, especially in taking off, makes it necessary to
give some consideration to the phenomenon of landing. Spe-
cial consideration must be given the process of taking off,
since even moderately rough water may develop rather large
stresses, - The accideant of June 5, in the waters of Capri,
to our Hinister of Aeronautics, whose skill in piloting
is well known, serves to demonstrate the importance of in-
vestigating the stresses developed on the bottom of Fleats.
The purpose of this communication is to show what has been
"accomplished in Italy and other countrles and to draw a
few: useful conclu31ons. :

LANDING OF A FLAT-BOTTOMED FLOAT

In May, 1931, Dr,., Friedrich Seewald published a re-
port, in which he gives a general view of the impact phe-
nomensa during the take-off and landing of a seaplane.
(Reference 12.) After a thorough examination of the head
resistance of floats in taking off and of its determina-
"tion by means of models, establishing its dependence on
the anzgle of impact or on the.moment about a transverse
axis (already established by the British in 1920), he dis~
cusses the impacts of a float-while taking off and landing.
" The phenomenon of alighting on smooth water is much sinm-
pler than on rough water, where high momentary stresses
are developed. S : . :

Qualitatively the 1mpact phenomenon under dlscussion
is defined by elementary mechanics and may be compared
with that of a body falling from a certain height on smooth
water, coning first in contact with the surface.and then
gradually immersing at a finite velocity antil’ brought to
rest,  Assuming the water and the body to be nonelastic,
the impact force and, consequently, the pressure would be
infinitely great, while the time required for the float to
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lose its finite velocity would be infinitely small, .and
the guantity of "water instantaneously. displaced dby the
body would be finite. The fact that the body is not des
stroyed is due to the elasticity of the-latter and of the
water but, in the case of a . hull with a flexible bottom,
i% is easily demonstrated that the elasticlty of the water
1s so small IiIn proportioh to that of. the hull that the
water may be considered nonelastic. . :

. Then the falling body touches the surface. of the wa-
ter, the bottom layer of the body is retarded, while the
remaining parts continue their motion, thereby producing
-an elastic force due to the consequent-deformation, The
lowest stratum of the body and the upper stratum.of the-
water in contact with . it, will be acceloerated dowaward by
the elastic force, while the rest of thoe body is being
retarded. So long as the velocity of the upper part of
the body is greater than that of the accelerated water,
the body will continue to be compressed, and consequently
the acceleration communicated to the water underaneath will
increase up to & maximum corresponding to the maximum com-
pression -of the body. TFrom this instant the body gradu—'
ally resumes its original form, and the impact force grad-~
uvally refurans . .to zero., In the majority of cases the body
is then doformed in the opposite direction and the impact
force :acts as a tensile force. The complete phenomenon of
compression :and tension may be repeated several times with
gradually damped successive oscillations, -Only the part
of the phenomenon corresponding to the first compression
is of static 1nterest as this produces the greatest
stresses. : : : T

In tne case of a flat—bottomed bhull or float . the loww-
est stratum of the body, which first. comes in. contapt;with
the surface of the water, is retarded, while: the other -
parts of the float or seaplane continue, in the: first in-
stant, to move at the original velpcity and. are then grad-
‘ually retarded as. the. plastic members.are compressed,
while a force begins to act on the bottom wof. the float,
and the underlying mass of water is accelerated. The great-
er the elasticity, the. more gradually the.force generated

‘the. water, increases and., conseqaently (the. total accel-~
eration of tne water ‘belng dlstributed ower. a longer. timo),
the smaller:-the impact force. . This principle applies to.any
form of .flpat but, when the Dottom is flat.and parallel-to
the sur;ace of the water, it depends only on - the. elastlc~
1ty} prOV1de¥ tn9 impact force is. Ilnlte.: . =
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The magnitude of the 1mpact forCo depends not only on
the elasticity, but also on tie- shape of the surface com-
ing in contact with the water, since'tnis deternines the
mass of water to be accelerated. "'Hence, in the case of a
V-bottomed float, at the beginning of ‘the impact on smootn
water, ozly a small mass of water’ is accelerated, but,
the immersion increases,_the mass of accelerated water
also increases until the float has reached its full depth.
Taus the V bottom acts as a shock absorber, distridutiag
the force of the impact over a longer period of time., On~
1y the elasticity affects the value of the acceleratldn,
while the V bottom affects the mass of water ‘acceleratod,
This would call for a pronounced vV bottom which, howovor,
would impalr the . hydrodynamic quallties of the hull or
float._ A moderate V bottom is the: most practical solution.

In landing on rough water, the phenomenon i8 the same
qualitatively, but the impact force cannot be determined
by any theory that does not take into account the charac-
ter of the wavses, ‘which vary in height and direction and:
in the relative position of their surface, and of the bot~
“tom of the float. A V. bottom may even naopen to be in
‘the ‘'samé condition as a flat bottom (tilted), in which
case only the elasticity can prevent rupture. Hence it is
-particularly dangerous to land on rough water with the
waves parallel to the directlon of landing., ZExperience
has shown, however, that floats with V bottoms behave bet-
ter, even in thls case.

" ‘When the waves meet the bow of the float, which is
usually the case, the phenomena now under considération
"(taking 6ff and landing) are almost the same as on smooth
water, but the velocity of the wind is greater, because
‘the. component of the air veloclty due to the inclination
of the surface of the waves is greater. Hence the forces
are greater and only a suitable bottom angle can keep then
within tolerable limits, Since the structural elasticity
of the bottom and of the other parts is already sufficient
" for thae brlef period of impact, any greater elasticity’
would produce appreciable deformations of the bottom of
.tne hull, which might unfavorably affect the take-off of
. the seaplane. It is fortunate that the oscillations due -

... to the wave motion are considerably slower than those: due

-to: the impacts, and it is therefore possible in most cases
to construct bottoms with such & degrese of elasticity as
to be considered rigid with respect to the effect on the
hydrodvnamlc lift, but sufficiently yielding as regards
the momentary impactis.
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'LANDING OF A V-BOTTOMED FLOAT -

A thorough investig ation of tne 1anding of seaplanes
has been made Dby Dr. Eerbert Wagner., (References 16 and -
17,) At the instant a V. bottom first touchés’ the surface
of still water, a certain quantity of . water is accelerated
downward, so that .the float is subjected to an upward:
force J. The accelerated liquid is thrust out 1aterallJ

‘and the level of the water is raised. on the sides of the

float. Since the atmospheric pressure on tho. surface of -
tho wator is uniform, the pressuro: gradient duo’ to the -
displacomont of tho water.is perpondicular to the surfaco

- .at tho point’ considorod, so that. the resulting accelera—f

tion and velocity of the particles of water near the .sur-
face are normal to the surface itself, ZFrom this it fol-
lows that, at a distance from the surface of contact, the
elevation of the Wwater surface being very small, the ve-
locity is very small and nearly vertical, The velocity
increases toward the .edge of the contact surfaco, and at
the edge of contact, "if the velocity is high .enough, the

‘water. is sprayed 1aterally. Here the pressure is the

greatest, and the energy contained in the spray co;:esponds
closely to that of the impact. : .

Along a section of the surface of contact, the pres—
sure results from the reaction of the water agalnst its
downward motion. In the middle of the V bottom, the wator
already has a downward motion, while in flowing toward tho
ocdge of the contact surface, tho wator, which cven had an
upward motion at first, is given a downward motion, espe-
cially at the edge of the contact surface. Hence the bot-
tom pressure gradually :decreases from a maximum at the
edge of contact to the center and then gradually 1ncreases.
I{ a float has a relatively. small mass, it may happen. that,
toward the end of the mpact phenomenon, at. the center of
tho float, the prossure rosulting from. tho immgrsion is)
smaller than the negative pressure ‘due to the existing ve-
locity of the water prev1ously accelerated dOWnWard. There
is then & negative pressure at. the center of the float,

while .the high pressure at the edges has ‘the final effect

- BT RS s s o - ahs . T
Vem sy

Lastly, when the edge of the contact‘area is at tae

.'edge of the bottom, the impact phenomenon. ends’ with ‘the

gradual lmmersion .of the float, supported by the . static
1ift, of buoyancy, which Was negligiblo at first._"
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A detailed -analysis .of the flow leads to the assump-
tion that, in.the vicinity of the spray and therefore for
large inclinations of the water surface, the velocity of
‘the superficial particles of water may be represented as in
Pigure 2, i.e., as theé geometric sum of a constant veloc-~
ity tanvent to the surface and of a like horizontal valoc-
ity, eack of waich is the velocity increment of the impact
Z0NGa Hence the snray has nearly twice this velocity.

As dwown in Pigure 2, the magn1tude of tne impact
forece depends on the 1n1t1a1 velocity V at which the
float strikes the water, as well as on the ratio of the
size of the craft to that of the wave. Thus, if the waves
are small: (flg. 3), the forward and after steps of the sea~
plane strike the crests of the waves more or less simulta-
neouwsly and. there is ndé appreciable pitching., .If, on the
contrary, the waves are large. as compared with the sea-
Plane, the latter may strike the wave on the forward part
of the hdll and may bounce o¢ff, especially if the boftom
is broads The speed. of the seaplane is reduced. by the in-
pact and, the controls having largely lost their efficacy,
the seaplane is in danger of injury from the subsequent
impacty If the after part of the hull first strikes the
wave, the retardation is slight and the seaplane, after
pitching forward, strikes the water at increased speed on
the. w;ole bottom area. of its forward part and ig.in dan-
ger-or being staved ine : .

POSSIBILITY OF iODEL TESTS

. The act of taking off does not differ substantially
- from- that of lapnpding, excepting that the succession of

- events occurs in the. reverse order.  The act of taxying on

smooth water and especially on rough water, where the
greatest stresses are produced, is like that of taking
O-Lf. - - . ’

, Havlng tnus qualltatively defined the phenomenon of
the impact of the hull or floats of a seaplane in the
above~mentioned maneuvers, let us see whether it is possi-
ble to determine: the magnitude of the impact force and its
distribution’ or, wiich amounts to the. same thing, the dis-
tribution of the water pressure and the accelerations un-~
dergone by tge ‘Cege 0f the seaplane. Since the greater
stressed are produced on rough water, in which case no
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rigid-theory is possible,; and since,. pn-the other hand,
the -theoretical. investigation is- only approximate, sven ‘on
smooth water for which there are experlmental correction’
coefficients and factors, it is necessary to resort to ex-
perimental results for establishing the meximum 1limits of
the 1mpact forces and accelerations, while the more or.
"less approximate theories glve us an idea of the magnitudes
1nvolved .in the impact phenomenon under con81deration.

. Vnen a float or hull str1kes the water or moves along
its surface, a force is produced ‘which is chiefly the re-
sultant of three components, namely, the frictional re-
‘'sistance of the surface under water, the inertia of the’
accelerated particles of water and a force due to the wa-
ter pressure, which varies with the depth of immersion,
These three principal components do not follow the same
laws when the measurements are varied. The fTorces due to
the inertlia of the water obey the law of the squares- for
the resistance, or the force increases proportionally to
the product of the density of the water, the area of the
immersed portion of the body and the square of the veloc-
ity (1aws of Newton):. The forces due to the water pres- .
sure vary according to the - laws of Froude, geometric sinm-
ilarity being assumed, on condition that the ratio between
the impact and static pressures remains constant in both
casese, The need of respecting the above-mentioned laws
defines the relations between the velocities and dimen-
sions of similar bodies. Hence, if there were no friction,
it would be possible to transfer the results’obtained with
any float to another zeometrically and structurally simi-
lar one. However, since there arc friectional forces, the
transfor can be made with respect to the magnitude of Rey-
nolds ¥umber., This new condltion redices the ratio of
51m11arity to unity for the- same voloclity. It is conclud-
ed, thorefore, that exact results nust be obtained tnrough
eaperimentation with fu11—sized craft. Sl

The impact forces in whlch we are now interested. are,
however, of a higher order of magnitude than the fric-
tional forces developed in taxying, so that we may disre-
gard the frlctional forces: ‘and’ those which form waves, in
comparlson with the forgces of- inertia, and therefore con-—
"s1dé¥ "onl¥ the"Llaws:of Newton in -the .transition from mod-
els to full-~sized craft, It should be noted, however,
that the elasticity of the whole greatly affects the mag-
nitude of the impact forces and, since elastic similarity
is impossible between a small model .and a full-sized craft,
only the experiments mads with the latter can be consid—
ered,
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Experlments with models can serve only. for floats

-.W1fn sharp -V boﬁtoms, ‘in whlch tlie elastic effect is al-

most negllglble._ Exper1mentat1on W1th models may also
serve for the general investigation of impact pheanomena,
provided, .rowever, the factors present have -been defined;
or for special 1nvest1gat10ns._ ‘In this connection we will
mention the experiments of S, Watenabe (reforence 18) made
with cylinders terminating in cones of 160° at the vertex
and dropped into still water,, which showed (fig. 4) that
the theoretical curve is ¢losely approxlmated to the ex-

.perimental one by means of an empirical correction, name-
1y, by nultiplying the relative ordinates by the comnstant

coefficient 1.16; or-as if the angle of aperture of the
cone. were somewhatb greater, 1.6., the aperture formed by
the water raised around the cone (fig. 5)s -This also ex~
Plains some other dlscrepancles between the theory and

-Watenabe's exPerlments.

The preced1ng restrictions do not apply, However, to
researches in connection with the motions of rolling and

pitching on the water, since the 1mpacts, being of very

short duration, produce accelerations considerably smaller

JShan those due to the hydrodynamic and aerodynamic reac-

tlons on the hull,
BRITISH FULL-SCALE EXPERIHENTS

. The oldest important experiments with full-sized sea-
planes, regarding the stresses developed on the bottom of
the floats while taking off and alighting, were made in
1919 and 1920 by the British National Paysical Laboratory
in collaboration with the Marine Alrcrart Exper1menta1
Establlshment Isle of Graln.

Experiments W1th the very gsimilar flying boats F é
and HE 16, gave take—-off speeds of 104 to 113 km (64.6 to
702 mi;) per hour for the F 3, and 115 to 123 km (71 5 %o
75.4 mi.) per hour for the H 16 and respective weights of
4,500 and 5,000 kg (9,921 and 11,023 1b.). In these ex-
perlmenfs it was found that, when taxying on rough water
at a speed between 50 and 70 km (3L.1 and 43.5 mi,) per
hour,- the pressures were greater than in still Water, and
that the maximum pressure of about 0,456 kg/cme (6.49 1b, /
sge.ing), encountered on the H- 16, was near the axis of the
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_hull about halfway between tho Bow and the step.* An ox-

ceptional pressure of"0.576 kg/em? (84,19 1b,/sq.in.) was
found near theo stop, behirnd which thore was a prossuro of
only 0,03 kg/cm2 (.427 lb./Sq.in.).“ At the extrome. froat
ond, the prossurc did not oxcood. 0,183 kg/cm® (2.60 1b,/
8qeins).: Tho maximum proessuros woro rocorded whilc taxy-
ing ‘rapidly on tho crosts of tho waves., While taking off,
the maximum pressuro  of 0,443 kg/cm® (6.30 1b./sq.in.) was
encountered halfway between the bow and the step, when the
waves were 70 cm (27«56 in,) high and the wind was light,’

Near the step the pressure was about 0.281 kg/ewm® (4,00 1b./

sqein,). ‘In -a normal landing on smooth wvater the mazimum
pressure was about 0,281 kg/ecm®.,  In rough water it reached
0.443 kg/cr® (5,30 1b./sqein,) near the keol in the middle
of the front part of the float, but this prossarec was lo-
cal, the pressure in the vicinity boing only O.SSZ‘kg/cm2
(5.01 1b./sqe.ine.). In a fast landing, a pressurce of 0,611
kg/cm2 (8,69 1b./sqe.in.) was registerod at tho samo point
and pressures of 0,352 and 0.443 kgjfém® (5,01 and 6,30 1b,/
Sq.ine) in the vicinity,. ' . ,

~ Similar experiments were undertoken in 1924 on a P 5
flying boat weighing 5,210 kg (11,485 1b.), but the shocks
produvced in the various maneuvers were no less severe than
in 1920, though the pressures were lower. No measuroment
was made aft of the step. The results of these important
oxporinments wero published in Roports and Wemoranda Nos.
683 and 926, of theo British Aeronautical Rosocarch Commit-

. toco, (References 1 and 2.)

Important investigations were recently made in the
United States. We will first mention, however, a few ex-
periments made in ﬁngland'by the Short Brothers in 1929,
The object of these experiments was to detormine tho wa-
ter prossurocs on the bottom of sceaplano floats moving at
a high uniform spood.. Wo roprosont in Figuroc 6 the dis-
tribution of the prossuros measurcd on a flat plato towgd
at 16,5 km (10,25 mi.) por hour with an inciden'co -of 107,
and in Figure 7 the same distribution under the bottom of
a float model, corresponding to full-scale tests at a

iy, = e it ——

“*It“appéﬁfvcthatmthe¥ﬂteh was inf&njéd;bxwﬁamﬁs:in_1872;-'

when there ‘was no suck use for it as now, Ramus wighed to
use it on ships, but Froude readily demonstrated that it
would be only a digsadvantage. C '
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speed of about 55 km (34 mi ) per hours A. Gouge, General
idanager end Chief De51gner ‘of the Short Brothers, observed
that, since the results may differ 'as much as 10 per cent
from those of full-scale tests, only the lines -of equal .
pressure are approximately ‘correct. The maximum pressure
was found to be on a part of the keel in front of the main
steps,. This point of maximum pressure shlfts as the speed
increases, its change in location being a function of the
speed, TFor a glven point X, suitably selected, the max-
. imum measured pressure is 0,422 kg/cm2 (6.00 10./5q.1n.),
corresponding to a speed of 70 km (43,5 mi.) per hour,
Above this speed, the location of X 1is outside the water,
and the pressure at that p01nt is zero. (Fig. 8.) The
distribution and- 1nten31ty of the water pressures on tne'
bottom vary with the sharpness of the bottom,

Many ‘British treatises have recently been published
on the problem,of the directional stability of seaplanes
while" taklng off and landlng and on the total water re—
sistancn to the floats. - .

AMERICAH,FULL—SCALE EXPERIMENTS
- The most important and conclusive 11vest1gatlons,
both as regards the guantity and the quallty of the re-
sults obtained, were made by the National Advisory Commit-

tee for Aeronautlcs at the regquest of the Bursau of Aero-
nautics of the Navy Deparitment. (References 13, 14, ard 15,)

The results were published in Technical Reports Fos,
290, 328, and 346 by F., L, Thompson, in the years 1928,
;929,-and 1930, respectively, and refer to tests made on
floats and hull, as’ follows- : o o

‘1. On a seaplane with central float;
2. On. a twin-float seaplane}
3., On a flying boat,

The seaplane used for the first series of tests was
a Vought UO-1, a two-place, single—engine biplane with
wooden float., 'Its specified stalling speed was 55.5 miles
‘per hour, 'and its gross ‘weight was 2,764 pounds. The
single step was 2.5 inches *High, and the angle of the af-
ter keel was 5°. _
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‘The seaplane used for the second series of tests was
~ a T8~ single-place, .one-engine biplane, that could be _
equipped with either floats or wheels., As a seaplane it~
had. a specified gross weight of 2,123 pounds and a landing
speced of 60 to 65 miles per hour. The single step was 2
inches aigh at the keel, and the angle of the after keel.
Was 545 . ' o

In both seaplanes the deck lino.was'paral%él,to tho
thrust axis, In the UO-1 the bottom V was 140 (angle of
Y of 200°), remaining;unifgrm-from,bow.to stern. In the
TS-1 the bottom V was 146 (angle of V of 17 ), being al-~
most uniform toward the bow, but increasing to 148° (angle
of V of 16°) at the sterns,. The essential characteristics
of these two seaplanes are shown in Figures 9 and 10,

The flying boat used in the third series of tests was
a Curtiss H--16 twin-engine biplane weighing about 10,000
pounds and landing .normally at a speed of about- 50 miles
per hour, It was coanstructed of wood. .The side- sponsons,
or fins, extended the bottom lines consideradbly beyond the
true chines, It had two steps, tne main step being the
forward one. The keel anglé between the steps was 4°,
The bottom V had an aperture of 137° at the stern and 138°
at the bow, The geometrical characteristics are shown in
Filgure 1l1l. :

At various points or stations on the bottoms of the
floats, as indicated in Pigures 9-11, the water pressurocs
wore measured by means of special recodording units, ocach
unit boing a solenocid which deflected a'beam of light by
steps when the current was varied by the action of four
pistons, Each piston was held im place by a spring of _

. known tension.* Then the force acting on the piston ex-
ceeded the tension of the spring, it caused a slight dis-
placement of the spring, thereby closing an alectric cir-
cuit which indicated that the original tension of the
spring had been exceeded., ZXach unit contained four of
these pistons or plungers with four distinct progressive
adjustments of tho springs, In this way tho eoffective
prossure on tho bottom was comprised between two success-
ive adjustments. ' ' o

O PP i W -

*The pistons were actually restrainedfby alr pressurs, ..
rather than by springs as stated in the original text, The
general principle of operation was. as stated;,howevar.-
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.The object of the tests being to reproduce the most
dl?flcalt conditions for landing and for other maneuvers
of a seapnlane on tne water, tney were conducted with the
greatest sklll and boldness, and not without danger to the
pilot, since the stresses were liable to rupture the pPlank—~
1ng or other parts equs«a to the water, The tests were:

a) Take~offs from smooth and rough water;
~ b) Taxying on smooth and rough water;
¢) Landing with engine stopped;

d)y oo " running;’

e) - " " Dbouncing or poérpoising;

f) " . at high speed;

z) Cross—wind landing with wind from the right;
n) t e " 1eft,

The taxying tests were made at low speed, in order
not to have the hull »n the step, and consequently unre-
soonsive to the controls, and at different speeds, or on
the step, with the craft obedient to the controls, These
tests ylelded a complete series of data from which were
derived the following diagrams pertaining to the statlc
propertles of the flying boat.

Tse tests made with the UO-1 led to the observatlon
that the highest pressures occurred immediately forward
of the step for the full width of the float bottom., Going
forward from the step, the region of high pressures.nar-
rowed toward the keel and the magnitudes of the maximum
pressures decreased, Figures 12 and 13 give a clear idea.
of the phenomenon.

o Tne maximum pressures occurred in rough water, espe~
cially in taking off and in porpoising, or in fast land-
ings and ‘in taxying, or even in poor handling on perfectly
smooth water, The latter may produce .high pressures even
wiere (tne extreme stern, for example) rough water ‘does
not genorally produce excessive. stresses.

_ Txe water pressures on ths bottom of the floats occur
as successive impulses. It was noted, however, that the
hlgnest pressures occurred in the vicinity of and forward

‘the step, and with greater frequency, but their dura-
tion was less than 0,05 second .and often much less; but
other pressures with a duration of even 0,1 to 0,5 second
'occarred at other p01nts simultaneously with the above
and were repeated several times during a 51ngle run, The
duration of the pressures always dlmlnlshed however, to-
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ward the bow. Abaft the step the pressures-were of very
short- duration (0.02 to. 0,01 sec.)s These results’ agree
very well with those obtained by the Brltish in 1920 and

'1924 to whlch we have already referred

The second series of experiments, based on the re-
sults of the first, was more conclusive and enabled the

" determination of accelerations whose maximum values (up to

4,3 g) were obtained in fast landings and in porpoising.
The pressures during these .maneuvers are.showa in Figure

"'}4, which may be consldered as a sufficiently accurate

representation of the distribution of the maximum pres-—

‘sures in hard landings with por901sing, although the nmax-

imum pressures do not occur simultaneously. Since these
are limited to small zones and short periods of time (0,01
to 0.05 sec.), Figures 15 and 16 give an idea of the du-
ration and travel of the high pressures above certain
values already established, corrgogponding to two- steep”
landings with porpoising.. In'these figures there are two
series, of curves, wiaich represent the travel and duration
of pressures exceeding 5 to 6 lb./sq.in. along the keel
and along the chine, The areas subject to high pressure
are shown by the shaded areas in Figures 15 and 16 on one-
half the projected float area. The.intervals were chosen
to show the areas when the high pressure is under the CeZe»
in the middle of the forebody and near the bow., In the
middle of the forebody the high~pressure area is a maximum,
although the pressure is lower than at the other two
points. (Fzg. 14.)

In addition to the above pressure, concentrated in a
small area, it is necessary to consider a smaller pressure
acting over a larger region and of a duration of at least
0.25 second following the high pressure. This was found
to have 2 mean value of about 3 pounds per square-inch,

It may therefore be assumed that this pressure existed

- from the main step to the position: of the high~pressure
. area at any instant. Figure 17 is a rectangular repre-

sentation of the pressures on the bottom of the forward
part of the float taken from Flgures-14-16. The existing
loads are obtained by multiplying these pressures‘by the

. correspondlng areas on which they act. Figure 17 shows .

the area of the diaf¥am, which evidently results-in kilo-
grams per meter, This, multiplied by the aperture:of the
floats, gives the effective load. There is also shown, -
in correspondence with each diagram,. the ratio between
its area and the weight of the aircraft divided by the
corrésponding aperture of the float. "Hence this ratie
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répfeséhts tﬁc”dynamicf 165& factor'or, which. amounts to
the sanme. thlng, the contingoency factor for the given'eVQ_
lution, -

_ The maxlmum contingoncy factor in thae preceding tosts
was found to Do 6.8 s corresponding to .an acceloration of
4,3g at the. c.g. Tno discrepancy in ‘thesc figures is due

chiofly to inaccuracy in the assumed load distridbution,
particularly in the sustained pressure:extending from the
step to the high-pressure area. A small difference due

to flexibility of the structure is also ‘to be considersed,
and there is a possibility tHat the load is unequally dis-~
tributed between the two floats. Lastly, the point of ap-
"plication of the resultant force can be determined from
the load distribution.

.This investigation ended with the distribution of the
pPressures. abaft the step and in its immediate vicinity,
where negative pressures occurred in taking off., These
negative pressures, which fluctuated greatly, were guite
low and are of but little importance for the statiec struc-
ture of the float bottom. At high spceds, however, they
may cause considerable vibrations of the bottom and nust
be taken into account, )

 Tho. third soriecs of tests, made with a large flying
.boat, completed thc program, The results in landing and
in texylng are plotted in Figures 18 and 19, which con-
firm what wG have already saild and show thqt in landing,
tho max1mum load is near the step, while, in taxyiag,
there is a morc extensivo region whore the pressuro is
greoatest at the stop and koel and decrease rapidly toward
thd bow and chine, forming a triangular distribution. 3ec-
twoon tho two steps thero is still considerable prossura.
Abaft the .second step thoe pressure is very small,

Tho pressure distribdbution 'and its roelation to the ro-
action of tho water is shown in Figures 20 and =21, which
ropresent the pressures and acceleratioans in two excop-
tionally hard normal landings. Figure 20 correspoands to
a glide without leveling off, so that the heaviest shock
(acceleration 4.72) .is experienced at the first contact
with the water., Figure 21, on the other hand, represents
a landing with light successive shocks with the heaviest
one last (2.,5g), after about 3 seconds, Both figures
show a very small duration of the high pressures. 0On ex-
amining these figures and the location of the pressure
stations (fig. 11), the high water pressures are found to
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act on a small portion of the whole bottom, with triangu—
lar distridbution.

The maximum accelerations were 4,7g vertical, 0.,9g
longitudinal, and O.,7g lateral, The maximum vertical ac-
celeration occurred in the above-mentioned steep landing,
while the maximum longltudinal acceleration was expe-
rienced in taxylng on large waves, and the maximum later-
al acceleration was produced while landing in a cross wind
or maneuvering on large waves., In these tests it was
found that the vertical acceleration of the c.ga was about
2g less than that of the bottom.

The following may be considered as the crltical 1oad
conditionsse '

a) Vertical, applied under the c.g. in landing;

b) Vertical, applied in the middle of the forebody
of the hull, due to the effect of the waves
in taking off;

¢) Longitudinal, while taking off or landlng on
rough water; .

d) Lateral, while landing in a cross wind.,

Figure 22 represents the load correspondlng to case a),
and the 1nc11natlon of the boundary of the pressure region
can be held at 30° on the plane of the keel. The distri-
bution of the load between the high-pressure region (which
can be kept uniform) and the low-pressure region (also to
be kept uniform) is in the ratio of 3.6 : 1.1, Figure 23
represents the load corresponding to case b), the limiting
angle again being assumed to be 30°, but the high pressure
cannot be kept uniform and varies from keel to chine ‘in
the ratio of 1 : 0.4, while the load distribution '‘between
the two zones is in ‘the ‘ratio of 1 : 1. Lastly, it is well
to observe also that the ratio of the loads in cases a)
and b) 13 about 1 to 0.64.

- This triple series of tests 1eads to the following
conc1u31ons

[ S -
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A) Pressures on the Bottom

For small seaplanes with léteral'br central fioats:

. -l.~Theamaximum verticaifprégsﬁres'are about 0,7 kg/'
cr® (9496 1b,/8d.in.) at the step and both for special
landings on the stern and near the bow; .

24 Only the region near and aba
and even nkgative pressures; :

t the stop has light

3. The maximum pressures act on a small areh and only

Tor 0,01.tb 0.05 second;

4, The secondary pressures are always small in com-
parison with the maximum, and are greater noar the step;

, . . . ° (—..'---- .

5: The conditions for the widest distribution of high
pressures occur in landings atcompanied By porpoisirng aund
tend to develop high pressures near the bow. The great-
est accelerations of the c.g. -0of the seaplane are also
produced in this case, ‘ ) o

'1Eor large seaplanes with central hull:

6« The maximum pressures occurred while landing and
were about 1 kg/cm? (14.22 1b./sq.in.) near the step and
dropped- to 0.8 kg/cm2 (11.38 1b./sg.in.) at the keel on
the middle of the bottom of the forebody of the hull,

7. Between the steps there was a nearly uniform pres-—
sure of30a55~kg/cm?.(7.82 lb./sq,in.).
The .distribution of the maximum pressures near the
step is very similar in all three cases, but their magni-

tude is greater for the flying boat,' This is:due to the
inclination of the keel toward the bow (figs. 9-11), which
localizes the pressures, as also to the angle of the bot~
tom ¥V and to the landing speed. . The fact that the floats
showed high pressures at the stern, which the hull did
not, is attributed to greater pitching umoments in the
float seaplanes than in the boal seanlane due to the
greater height of the c.g. above the step. This also ex-
Plains the greater bow pressures in the first two serises
of tests, - _ _ . : .
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' T

8., the vertical acceieratlon component of 4.,7g
for the co.g, is not exceeded in a dangerous landing, but

the bottom of the float probably undergoes an additional

acceleration of 2g in the hardest landings, In taking
off, however, it may be assumed that the vertical accelerw
ation of 3g is not ezceeded ~even. when the water 1s _rough.

: 9. In taking off from rough water, there weré hori- -
zontal accelerations of 0,9¢ and in landing with a cross
wind there. was an acceleration of 0. 7g but, under these
conditions, there was danger of submerging the wing.

C) Contingent Load

As regards the magnitude of  the contingent load act-
ing on the bottom of the float,. it may be assumed to be
the mass of the seaplane multlplled by the acceleration
of its c.g2., & fact which is wverified in practice, the
part of the water reactlon.absorbed by the flexibility of
the bottom belng nffeet by the load supported by the wings,

el

'FULL—SCALﬁ GERMAN TESTS

Another method of measurement was used by the Germans
in their 1929 tests, This consisted in scratching with a
diamond point on glass, without any transmission lever,
the elastic deformations of the struts connecting the
float with the fuselage and sometimes ‘those of the re-
sisting portion of the bottom of the float., The records
thus traced were measured with a microscope. Vibrations
and - the - effects of inertia were thus avoided., The bottom
pressure 'was recorded by a similar instrument., A thin
circular_plate, fitted over the portion of the bottom
where 1t was desired to measure the- pressure, transmitted
the defT@btkons»produced by the pressure without the use
of a lever or other similar recording device... .There was
no danger of secondary effects from the oscillation of
the plate itself, because of the much grsater fregquency
than that to be measured. The seaplane used for the tests
wasg a Heinkel HE9, D1617 single-englne, two-seat monoplane
with two lateral floats, attached by steel-tubing struts
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of 48 kg/mm? (68,273 1b./sq.in.) tensile strength. It had
a weight loaded of 3,000 kg (6,614 1b,) moment of inertia
~about the lateral axis of 1,000 kg m s? (7,233 ft.-1b. sec?)
wing loading of 63.2 kg /m? (12 94 1b, /squft ), power load-
ing of 4.25 kg/hp (9.24 1b./hp), and a landing speed of

80 to 90 km/h (49,7 to 55,9 mi,/hr.). The flvats had ei-
ther flat - bottoms, with a weight of 143 kg (315.,3 1b,)
each and a trapsverse moment of inertia of 49,9 kg m s
_(360.9 ft.-~1lb.sec.?®) or.V bottoms with B = 161°, a weight
of 147.3 kg (324 74 1b,), and a transverse 1nert1a moment
of 47,6 kg m s® (344,3 ft.~-lb.sec.®?). Each float had a
volume of 3 m3 (105,94 cu.ft.). The other dimensidns are
shown on ngure 24, The results of the tests, as pub-
llshed by Wilhelm Pabst. (reference 10) can be grouped in
two categor1es- one corresponding to the stresses in the
connecting members between the floats and the fuselage;
the other corresponding to the pressure measurements on
the bottoms.

The stresses in a member can be divided into princi-
pal stresses corresponding to the structural arrangemeant
and into secondary stresses due mainly to the moments, to
the joints, to the welding, and to the vibrations, Many
tests were. therefore necessary for obtaining a clear idea
of the internal stresses but, given the form of the tubes,
the tension in the extreme forwérd'fibers could be assumed
to be proportional to the stressing of the members, and
the total tension of the axis is therefore determined.

The 1mpact forces are obtained by finding the resultants
of the vertical and horizontdl components of the forces
in the members for each point of attachment,

" The tests consisted of landing with idling engine
and of taking off from relatively calm and rough water in
winds up to 8 m/s (20 ft, /sec ) ‘and gusts up to 13 n/s
(43 ft, /sec e : R :

: Flgures 25 and 26 show the directions ard points of
'appllcation of the impact forces in tazking off and land-
ing, while Filgures 27 and 28 show the time intervals be-
tween the impacts during the same maneuvers. Figures 27
and 28 also give the load factors corresponding to the
various impacts, which closely approx1mate the factors
obtalned in Amerlca.

The fact that some forces are not normal to the bot-
tom of the float, as they should be, since tye water can

RISy o
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g act only perpendlcularly to the bottom of the float itself
‘the frietional. force be1ng negligiole, may be due to er-
rors of measurement or 1nterpretat10n, or to the tubes not
being of exactly the calculated éross sections, with pos-
8ibly neglected fixation moments and possidble irregulari-
ties of the float bottom. ILastly, Figure 29 represents
the curves of the maximum vertical-~ impact forces encoun-~
‘tered.in the structures of the floats in the various take-
offs and landings, and for various seaways., (Figures 38
and 39.) These curves terminate in straight lines pass~
ing through the step. In fact, since the resultant must
be at a distance of half the length of the contact sur--

. face, which is rectangular, the impact force must dimin-
ish in: proportion as the length of contact diminishes, .
other conditions remaining the sanme, The 1nclination of
the straight lines depends on the landing speed, the an-
gle of impact and the shape of the float bottom.  Since,
as we shall see, the longth of the contact surfacb in tak-
ing off or landing depends on the form of tho float bot-
tom, other conditions being the same, tho inclination of
these lines can givo the measurement of the effeoct of the
bottom ¥, The theory really indicates a somewhat greater
effect, but this is attridbutable to. the deformation of
the bottom and to. the effect, rocorded in the Watenabe
tests, of raising the water on the sides of the Iloat

TN e o

s

=

Since, for a given float, the magnitudé_of the shock
depends on the length of the contact surface, which de-
pends on the condition of the water, this length may bse
taken as a criterion of the landing possibilities of said
float., The ratio between this length and that of the fore-
body of the float may be taken as the criterion of .the
landing safety, independently of the seaway and of the pi-
lot!s skill, Lastly, knowing the maximum length of the
impact surface for the normal landing speed and consider—
ing the maximum impact angle (taking account of the weal
est part of the float bottom), one can determine the water
conditions under which the given seaplane can take off and
alignt.

SR T S TP T T

The pressure measurements on tne bottom are not very
" importantiy~because of - their small number. The. single in-
strument was used for a woodan float of the HES5 type and
installed 35 em (13.78 in,) forward of the step and 20 cm
(7 87 ind from the keel.

al On_smooth water. Whilp taking off, pressures were




20 N.A.C.A., Technical Hemorandum No, 677

measured of 1 to 1.35 kg/em2 (14,22 to 19.20 1b./sq.in.)
with one case of 1,6 kg_?cm2 (22.78 lb./sq.in.); while land-
ing, l.1 to 1.6 kgfcm2 (15.64 to 22.76 1b,/sq.in.), with
two cases of 1,95 and 2,1 kg/cm? (27,73 and 29.87 1b,/
SQeinu)e : : :

"0 b) _On rough water.- While taking off, 1.25 to 1.9 kg/
cm? (17.78 to 27.02 1b./sq.in.); while landing, 1.45 to
1.75 kg/cm?® (20.62 to 24.89 1b./sq.in,); frequency of 70 to
100 per second. ' ' i T - : :

iijeasurements were also madg of the deflections of-
parts of the bottom, such as the planking, under the ac-
tion of pressure, and the mean load was calculated by meéans
of previously determined constants, @ The results, though
less accurate than those obtained by direct measurement of
the pressure, agree with the results of the American ex-
veriments already recorded, T

KARMAW'S THEORY (Reference 6)

Professor Theodor von Karman, while in the United
States in 1929, conceived a simplé theory for determining
a formula for the pressure on the bottom of a float while
landing, and developed an equation which gives the approx~
imate magnitudes of the forces involved.

Starting with the assumption that, at any instant,
the inertia of the seaplane and of the masses of water
and air involved is constant, and neglecting the mass of
the air, which is small with respect to the mass of the
water and which corresponds to a half-cylinder of radius
¢, one may write ' ' '

vV = 7o = o | (1)
1 4 LT 1+
2 m

wihere (fig., 30), in the immersion time %, with velocity

Vv in the liqui% of density P, of the float with a bot-
tom angle of B = (180 - 2 a), ¢ is the half-width of
the immersed part of the float, of which we will consider
a length equal to 1 and assume that the landing speed is
Vo and that the corresponding mass per unit length is m,
For simplicity we may write the' ratio of the masses
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Sow=bme (2)
e e 2 m. .- et e .

Since 'y represents the depth of immersion in the time-

t,. wo may write

a . de
v = &F = ¢ ac _ . 3
ay ..._an * Tt R ()

The' impact force per unit of 1ength will be L

7 @y _meve 1 N
-—=m SX ° - . (4)
1 att (1 + w3 2 tana e
and the mean pressure will be |
J TP VR 1 S -
bp = — = N 9 - (5)

2e (14w’ 2 tan o

Evidently the maximum value of this mean pressure is at
the first contact, when

2 tan o

(8)
which corresponds quite well with the American tests,

"The possible obgection to this formula is that when
the bottom angle is 180° Py =o. This is due to the
fact that Karman began with-the assunption that water is
incompressible, and that the float bottom is perfectly
rigid, By assuming, instead, that the momentary pressure
increase in a fluid occurs with the velocity v -of the
propagation of sound in the fluid, we obtain.

Pp =PV Vo _ (7)

which gives exaggerated valuas,-because no allowance’ ig
made for the elasticity of the bottom and for that of -
the whole seaplane structure. . .

e R g . y .
S ¥ ] Ve . . . . R e -
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THEORY OF THE FLAT ELASTIC BOTTOM.

4 year after XKarman, Dr., Wilhelm Pahst published a
more complete theory of the landing impact .of seaplanes,
(Reference 9.) ' '

After calling attention to the fact that, consideriang
the velocity of seaplanes, the water resistance is largely
due to the mass of water accelerated, the wave~producing
-and frictional resistances belng negligible, e shows that
the force -of the impact is greatly affected by the elas~
ticity of the seaplane, sincé the compressibility of wa-
ter is negligible in comparison, For the determination
of the total impact force,:he shows that the portion of
the float bottom subjected to the impact depends on the
mutual positions of the float bottom and wave surface con-
ing in contact and that it is necessary to make simplify~
ing assumptions, such as are madd by German naval archi-
tects, for cortain water conditions and lastly to defino
certain forms of landing, He then assumes that the maxi-
mum shock supportable by a seaplane is produced in land-
ing as shown in Pigure 31, qr in taking off at insufficient
speed. ' - ' :

As Karman shows the accelerated mass of water to be
that' contained in a half-cylinder of diameter egual to the
width of the immersed part of the bottom, thus, adopting
the hypothesis of Lamb and assuming the density P of the
water to be constant, Pabst considers, for an absolutely
rigid plate of width 2c¢  and infinite length, a value of
the accelerated water mass given by the formula -

AMa=p-"2—'c2A 1. L (8).
But, differing from Karman, he assumes that this formula,
valid for infinitely long bottoms, is not applicable in
practice, due especially to the fact that the width 2¢ .
of the zone of contact is greater than the length 1,

and therefore the value of “the acé¢elerated mass is modi-
fied, Pabst therefore made an accurate series of tests

for determining the mass of water accelerated by a plate

of finite length and came to the conclusion. that (fig, 32),
for large values of 1/2c, the curve is parallel to the
line P % c? 1 (formula 8), while the curve approaches

p % ¢ 1® for very small values. For values of g; =1 to
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2, which he assumed to be the values corresponding to float
bottoms, it is necessary to subtract the constant P T ¢3
(which must be considered as the edge effect) from

p % c2 1. Hence the mass of water accelerated by the ssa=-
plane is - '

Ma=p%c212l'(1-%> - (9)

Figure 33 is a schematic representation of a seaplane-
float system. The mass M of the seaplane 18 concentrat-
ed in its c.g. A spring, assumed to have no mass and ex-
erting a force of J = Kf 1s connected with the float
bottom, also assumed to be without mass, The latter ac-
celerates a mass of water M, in an immersion time t in-
itiated with a vertical velocity Vo and being (during
the time t) the weight of the seaplane (minus the 1ift of
the wings) v P. The equations of motion (considering the
elasticity and disregarding the damping) are .then

(10)

waere X, - X, =L - f, L Ybeing the'initial length of
the spring. For fl&t bottoms My = constant, while for
V. bottoms with straight sides M, = ¢ x2®., In general,
for bottoms of any shape, Mz = £ (x3). The integrations
can bs made elther graphically or analytically. For flat

Tnax f(u & U +‘? v°2 EM+veEM (11)-

" in whlch . :
: M M@ e

M+ Mg

"For a Tirst approximation, "observing that the mass
Ma 1s about 20 per cent of the mass of the seaplans,
that v is less than unity, and that K 1s very large 1n
seaplanes, we can write '

- /. uu '
Tnax = Vo K o2 = V., /K ¥ ¢ (12)
M+ M,
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The formula, obtained by. 1ntegration from equatlons (10),

,j' = Ef ».=.-A/"(ugM)2 + Y_oz KM s1n( / t ~ 8) + veM (13)

where

= 28 /M
arc tan 9§ ve ./ ¥

gives the value of the elastic. impact J and shows that
the latter represents a vibration of the system whose mass
is the sum of the. various masses of the seaplane. The in-
itial conditions of vibration are given by the relative
motion of the masses -at the beginning of the impact.,

The eccentrlé impact is obtained approximately . by
substituting, for. the actyal mass of the.seaplane, the re-
duced mass

B 1 .
MY =M e (14
= )

where 1 is the radius of inertia and r is the distance
of the impact force from the CeSe

This diagraming of the seaplane with a flat-bottomed
float yields excessive results, since the elasticity is
really distributed throughout all the parts of the seaplane,
This fact led Pabst to investigate the problem by assuming
a succession of rigid masses elastically connected with
one another, The division of the seaplane into two masses
- leads to serious analytical difficulties, though it final-
ly yields simple results, Figure 34 represents the above-
mentioned graphic method. M; and 6, represent the mass
and inertia moment of the fuselage, wings, tail and en-
gine, »igidly connected with the line AB. M, and 65 are
the mass and inertia moment of the rigid float, connected
with the fuselage by two elastic members assumed to have
no mass but having elastic constants K, and Ky. The
float bottom, without mass, is elastic with constant K,
and accelerates the water mass Mg. The eccentricity of
"the impact is represented by r. The-other quantities
are clearly indicated in Figure 34,

3%;ap§1ying the equations of Lagrange, we obtain

O I R

9ats 3B
at - 8qf3

d

=Py ¥ oui (15)
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which represents the kinetic- energy of the whole system

‘with the reduced external force F; for the coordinate

g3 of the point 1 of the mass considered, q';y . being
the derivative of g4 with respect to &, successively

to. the quantities M,, 0,, Mz, 65, Mg, Dearing in mind

that the external forces are the elastic reactions con-.
nected with the very complex system of equations:

d®x : o
My dt21 + (Ep+Ep)f, + (Bpa~Epb)e , =0
d'2¢l . - Lo : 2 2 _
el at2 + (Kva"Khb) f12 + (Kva +Khb )Cpl 2—-9_
a2 x, - ' , - ' . .
Mo -—-—a-dtz ~ (Ry+Rp) £z~ (KU a=Kpb)P o+ Kef23=0 = . - (18)
a?Qa - o - _
62 dtz - (KD a“Khb)fla - (K'Da +Khb )ng + Ka rfas =0
& 4" x5 - _
Ma dt2 bt Kz f23 nd O

which, after a double differentiation of the formulas

X3 ~%X =Ly =125 Xp4r Qo ~x3=Ip~f233; €9, ~P2=9,2

Yield the system of equations for the éccentric impact of
the two-mass system for any arbitrary distribution of elas—
ticity between the two masses :

e - (mpemy) ({}' ¢ 1) f0 4 (Epact 5) —1; REL.
at? VTR g, Mg R TVETRYS '<M_1 TV AR
Ky .
- Mg‘ 23.
acQi» | 1 s 1.' 1 |
= ,8=Epd) (= '+ ==\ )5~ (XK, 8% +K;b° — +.
T = (Bya-Epb) (el. 9;’;:).12. (I, & Gk ) (5 62)% 2
K. : -
- .e..?: r fo3 | . (17)
d.zfga _ 1 r2 Ku'i'Kh Kva-'xhb
'd"ta" .—'KZ (E‘z_ + 92 . ) f23 ( LIz > f12 +

KUa—Khb Kua2+Khb2
- ( i )‘912
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These equatlons reprasent compound v1brat10ns 31m11ar to
the . torsional” vibratlons of shafts.‘

In order to arrive at a conclusion, Pabst considered
the impact centered on the step (r = 0) and made certain
simplifications by puttlng Kv;— Kh “'L/Z and a =D =
1/2. Under these condltlons the system could be integrat-
ed and the impact forces

Jl = Kl fl_g and Jg_’: Kg .f23

corresponding to the masses M% .and M., then become, on

the fuselage and accessories mass M;.)
J1 = A/K M (@1 sin A\, t - @5 sin kg t) (18)
where : .
’ e ¢ - e ¢
Py = —— 9 2
), = — $} P2 = —————
Tr e /AYB 2B,/ A-3B
A= 1'. [c _I'___'l_‘___3_+ e 8 +w<'
. 2] . T 8 .. 8 W..

oo L r + 8§ s+ WY L 4ec
B = 2'//<c res % 5w L

xl =/% (A‘.+ 3)',_. a = /% (A -~ B)

and on the float (mas's Mz)

J K U (- Wl sin Ay t + Va sin Az t) (19)

where

Y, =8 x4+B-0C .y - e xA-3-C
2 B JA+ 3B 2 B JE B

and the symbols;havé the fpllpwing'significations:_
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. M =M, + M, = total mass of seaplane
Mi'"EQSS of concentrated parﬁa; fuselage, wings,‘géil; etc,
r:—'—‘= T L
M- total mass of seaplane
_:Mz_;mass of float S ' ,
*T ~ total mass of seaplane - e ;
__Ma__acceleratad,phsﬁ of water ...
"= T total mass of seaplane ’
Vo = vertical speed of descent.
K = total elasticity of seaplane between masses M; and Ma.
__Kl__elasticity between the masses M; and M
C=EK Ttotal elasticity of seaplane .
K- elasticity between the masses ‘Mo and'MgF
e::'”' = . .

X  total elasticity of seaplane

-

Tor using these formulas, it is necessary to know M,
and My, which are easily measured, M, given by formula
| (9), and .Vy. The elasticities X, and Kz are generally
f difficult to calculate, K, being often more difficult than
3 Kz. These can be determined experimentally, however, and’
the author shows how this was done in, the Ststic Division
of the DeV.Le, by H, Hertel and Leiss on a twin-float Hein-
kel HE8, This consists in determining the number of vibra- -
tions of the individual parts by means of resonance with =
the revolution number of a rotating mass eccentrically at-
tached to the fuselage of the seaplane, which is elastical-
ly suspended., To determine the elasticity between the float
and fuselage, .one observes at what revolution number of the
rotating mass the whole seaplane vibrates .in resonance with
it, ZKnowing this vibration number and the mass and inertia
moment of the fuselage and float, the definitive elastic
constant is determined by known formulas, -

However, the experimental case does not correspond to
the simplified assumption K, = Kn;, resulting in Kp = o
by simply applying the preceding formulas to the seaplane
in a landing case as represented in Figure 31, the horizon-
tal landing speed being 90 km/h (55.9 mi./hr.), the-slope:
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of the flight path about 12° correspondlng toe VvV, = 5, 2
m/s (17.06 ft, /sec ), and assumlng the length of the bot-
tom striking the water to be about 1.2.°m (3.94 ft,) and
taking into account that ¢ = m 0,805, M = 305 kg mass,
M, = 275 kg mass, M, = 30 kg mass, My = 46 kg mass
(equation 9), and that, from the experiment X, = 574,000
kg/m, K, = 3,500 xg/m, X = . 483,000 kg/m, and hence,

T = 049, 58 = 0,1, w=20,15,- ¢ = 1,16, and e = 7,25,
He comes to the conclusion that the respective impacts on
the fuselage and on the float are. O

Ji = 17,800 sin 94 t - 3,820 sin 450 ¢
J2 = 36,800 sin 450 t + 4,820 sin 94 %

htne frequencles of the impact phenomenon being n! = 15/s
and n" = 72/s.* . :

As was to be expectéd from the preliminary hypothe~
ses, the impact was purely elastic., In practice the im-
pact is damped by the effect of the internal damping of
the material and by friction in the connections, joints,
etcs There were no experiments for this damping action.
According to Plank, Honda and Konno, the damping due to
the material is directly proportional to the velocity of
deformatlon and, by introducing this concept (J = Kf +

B tlnto the preceding equatlons, we would have oscil-

latlons whose ampl1tude would decrease more or less rapid-
ly. For. plywood Plank's hypothesis is not even approxi-
mately correct.,. For metals, the damping effect seems to

reach values- cons1derab1y above the proportlonality limit,
This is why duralumin bottoms can support excessive loads
w;thput failure, while merely developing permanent. bulges.,

"It is concluded that ‘the safety against failure, con-
sidering the rapidity of the phenomenon, is greater than
that shown by the calculation, on the condition of not ex-~
ceeding the ultimate strength of the material for alter-
nating loads, Within the elastic range, which alone is
of interest here, the damping of the oscillations seems to
be negligibly small, Espec1a11y for seaplanes with du-

*In a subsequent papér, Pabst modifies somewhat the .take-
off data to agree better with those obtained experimen-
tally,. The few changas are perfectly acceptable.
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ralumin floats, we may - consider, as the nmaximum value of
the stresses on the seaplane, the value corresponding to
the maxinum oscillation of the value. J,, since it may be
assumed that, owing to the difference between the:frequen-
cies n' and n", at the instant of maximum amplitude

of the larger vibration,  the smqller and more ranid vibra-
tion has already. died out, Similar con51dernt1Jus cppPly
to the impact force on a float- since, in ccrrespondence
with the, maximum amplitude of the more rapid. vibration,.
the deflection of the slower vibration is just beginning.

‘Hence the equations for the maximum impact forces may be

simplified to

max J;- Vé KMy
. : c(20).
max Jz = Vo, E MV, K -
In the publication of‘January, 1931 (reference 10),
Pabst changes the value of -l (equation 9) to :

T o2, 1 BN ory
Mg = P - ¢ 1 mm—mne (] e O 856 — —v————, (21)
2 VAN U1%+ 4%/
which yields slightly higher values, though even this for-
mula is empirical., For the preceding arithmetical calcu-

lation, we find

max J, = 17,800 kg

’dl'fa

= 549 or the boﬁtom'pressure-

max J» = 56,800 kg ; p = B2 Jp = 56800 'y o2 1,8

area 206

Similar calculations are also applicable to flying
boats, especlally to large ones, the weight of whose en-
gines and fuel is dlstrlbuted over the W1ngs.

For the eccentric impact by Way of apprOX1mat10n, it
is not only possible to conglder the same formulas, but
also to use the mass N as reduced by formula (14) *

. *For V—bottomed floats, Dr. Pabst proposes a theory iden—_

tical with Karman's, as already explained by us, and ac-..
cordingly disregards all elasticity of the seaplans and
of the float bottom and develops the following formula,
which represents the impact. force ”J"of a_boag or' float
seaplane .with a bottom V¥V of ﬁ (180 = 2a)- <
(Continued at bottom of page 30.) LT
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 THEORY .OF THE RIGID V BOTTOM' :

Karman's theory was taken up and completed by Herbert
Wagner, as already mentioned. (References 16 and 17. ) In
order to make it apply to all V bottoms, he expresses the
shape of a normal section of the V Dottom by

Y =0 X+ 0y X2 + az X3 + a3 X2 + ..0..  (23)

where the constants « are determined by the shape of the
bottom, and he assumes (a hypothesis not adopted by EKar-
man) that the values are so (infinitely) small as to make
it possible to hold that the final velocities at the sur-
face of the water, exclusive of the spray, are very close
to the vertical., Under these conditions at the free sur-
face, the wvelocity is vertical, while in the contact area
the velocity decreases perpendicularly to the bottom, and
therefore the motion of the water is approximately the
same as that around a flat plate. (Fig. 35,) Hence the
velocity vy is
Vy met— (24)
1 . &2
x2
at the free surface corresponding to a point =x of the
bottom, at the instant considered, imnmersed for the halfe

width ¢, V Ybeing the velocity of immersion and ¢ Dbe-
ing smaller than x,

The veiocify at which the width of the contact are=a
increases is dc/dt, Adopted as an independent quantity,

* (Continuation of footnote;'page 29,) .

: g .
-1 (1 + BN tan a 2 1/
Mg/

1 being greater than 2c¢, the usual notation, This for-
mula is 1dentica1 with Karmant's, if we tale for the accel-
_erated mass of water that of formula (8) instead of the ex-—
perimentally correct one (formula 9). ACCOPdlnP to this
theory, the load factor J/P = u 1is constant for the whole
seaplane. The maximum pressure occurs at thé beginning of
‘the immersion and has the value indicated by EKarman, as
given by formula (6).
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fhe'ratid"Ef“%Héfiblbdi%ies _U'%lf%; 1t follows that the
T e -

rise M of the superficial particles of water, correspond-

ing to the abscissa x, 1is- ‘ .

.dc...

' N e )
m=svgat=/0 - (25)
: o) o - 1 - &2 '
) . , : x2
where t = t(c) - and *dt = f: dec. ,FoiloWing;the phénome'
) R de _ TR T

enon of immersion, there Wwill come an instant ‘at which the

particle of water corresponding to the abscissa x will

touch the bottom, when m =y and =x = c and hence

y=/ g ————%:gzz , (26)
= &
: x2

which is equivalent to y = y(x), giving

O’.o +a1 [¢] +$ag Ca +g"0.'.3 03 +EO’.4 0451100 (27)

o = By

I o

Hence the ratio 0 for every half-width ¢ . of the contact
zone is defined for any given float bottom, -

The maximum pressure is in the spray and corresponds
to that of the banking up of the water, whose velocity is
de/dt and therefore, having called m the mass per unit
length 1 of the immersed.part of the float ..

p . VQ2 1 ;

T e S e (28

.Pmax 2 (1 + u)z‘cz_ )

having assigned to W = Qéﬂégi - the same meaning (formula
. _ S m . .

2) as in Karman's theory and, since, in this assumption,

the accelerated water is that of a gemicylinder not cor-

rected by Pabst's experimental formula, and also being

_assumed constant the quantity‘of.motion"iv.the;prppagae
tion of the phenomenon, for which V = —2-

. formula-1l
o - L _ _ _ 1+ u, (_ - \).
In the zone of ‘contact x <« e, the water pressure,
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p= E Vi L N W4 T < (29)
. 2N Y == 2
'. (14u) il e %’t_é_ IJ-TH.L | c 2 (Qg 1)

is composed of three terms, . The first depends on the in-
crease in the size of the impact area; the second, and

the negative term, on the retardation of the water and on
the elliptical distribution, and the third term, which
contains the square of the velocity, is quite small in the
central portion of the bottom. Only at the edge, where

X approaches ¢, does it attain' any appreciable value,
By integrating along the width of the surface of inmer—
sion and dlsregardlng the infinitesimal terms, we obtaln

% T(rlp+v;)s 5 0
The depth of .’r.mmersi'onh is
T =‘_/‘t vat = /o de (31)
o] e}
EXAMPLES

A) Two floats, in which all the other conditions
(m, Vo, shape, etc.) are identical, but the bottom of ene
is twice as sharp as that of the other, are first com-
pared, TFor the one with the sharper bottom:

a) In the central part of the float, the impact
forces are very nearly half as great as on the one with
the flatter bottom, ZFrom formula (29), by disregarding
the third term, p is obviously proportional to 1/0;

b) The maximum pressure at the edge of the contact
surface is very nearly one-fourth that of the flatter bot-
tom, it being obvious from formula (28) that p max is
proportional to 1/0® (equation 30), E

c) The total impact force is approxlmately one=
half that of the flatter bottom,

B) By varylng the mass loading m on the same float
with'a concave V bottom, which can be done, V, being
constant, by varying the length 1 of the impact zone, or
by considering two 1mpacts, one on the step and one for-
ward of the step:
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d) ‘At the beginning of the impact, the bottom Vv
being rathexr sharp, the veloclity of immersion is great;

e) In the case of small m, the retardation being
already sufficient, the impact forces are not great, while,
in the case of largse m, the .float, being but'slightly
retarded, strikes on the flatter part of the bottem and.
the pressures are great, If the bottom V becomes zero,
~the theory gives infinite pressuros.

. c) By varying the shape of the bottom: Figure 30 rep-—
resonts, for successive contact widths ¢ in meters and
for Vo = 3 m/s (9.84 ft,./sec.), the time in seconds
from the beginning of the impact, the veloclity ratio V/Vo
and the impact forces J corresponding to. a weight of
4,000 kg (8,818 1b,) per unit length, The impact forces
J arc also plotted for 8,000 kg (17,637 1b,) and for .
The bottom, for which J remains constant during the
whole impact, is flat in the central portion, where it has
the shape of a parabola. The three examples gilve a very
clear idea of the effect of the shape of the V bottom,

A bottom with straight sides shows a maximum value
for J toward the center. In practice the maximum is
less, because the bottom is here more yielding than at the
keel or chine., The concave bottom V has the maximum pres-—
sure at the chine, which may be disadvantageous. For a
given bottom V with straizsht lines, a value of ¢ 1is at-
tained, at which the impact force is the greatest, It is
of no advantage to increase the width of the float bottom
beyond this valuve, unless the bottom V is made a little
sharpere. It may happen that, for very short impact
lengths 1, greater impact forces will be prodiuced in
floats of longer base, but these are unimportant, due to
the smallness of 1, For concave V bottoms the impact
forces are gemnerally greater than for straight V bottoms,
but the forces diminish in proportioh as the bottom is
widened. 4 greater width, however, involves greater dif-
ficulty of construction and a greater 1iability of bounec-
ing in a faulty landing, :

In the case where the bottom shape varies from sec-—
tion to section, we will consider an element 41 of the
float for which it is possible to consider the plane phe-
nomenon. The preceding principles apply to all such ele-
ments, The immersion depth T with respect to the orig-
inal undisturbed surface of the water i1s given Dby equatlon
(31), when o refers to the section under consideration,
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so that, for any immersion depth . T, the width ¢ is de-
termined for any section and the total impact. force from
equation (30) written

1 .
J—’l—f_XLf-az | (32)

(1 + M) 0"

In this equation, when, in any -section, the contact sur-
face reaches the chine, ¢ = b/2 and uw = o, Then it
follows from equation (2) that -

u'=.E_E_[.c2 al ﬁ_ ' (33)

wheré Y represents the total mass. Having u, it is
possible to calculate p, V, Ppax, otc.

Thus far a planar flow has been assamed, notwithstand-
ing the escape of the water fore and aft, This phenone-
non is negligible, so long as the impact leangth 1 is
enough larger or smaller than the impact width b, bdut, in
the rather frequent case when 1 and ©b». are of similar
magnitude, the calculated values are subject to consider-
able variations, due to the variations in the quantities
of water accelerated.*.

The preceding theory is subject, however, to other
corrections (as observed by Wagner), when it is extended
to larger values of the bottom V. The ratio between the
actual impact force J,, and the calculated J is given
.by the formula '

g
o=y - % 0.15 LANSRRCAY P (34)

J LT : T T o]

where o .1s the incidence. of the. float bottom at the edre
of the impact surface.

For the straight-V bottom, Figure 37, in which is

: 1 J
also plotted the curve — fl, - shows that the impact force
18 C o )

J
varles with oaq5.. Hence the ratio §L is approximately

equivalent to the ratio of the dynamic 1ift Ag to

.¥*See what we have. already written concerning. the theory
‘expounded by Dr. Pabst for taking this fact into account,
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Yo TPV E (89)

corresponding to. the bottom ¥V w1th straight lines oy, and
0 (b being the width of the sten, . v the velocity of
rolling, and Kk the incidence of the float bottom at the
step). TFigure 37.gives an ldea of the vbehavior of the
bottom ¥V in landing or taking off, and it is obvious that
the variatlon in the inmpact is great, while thc .Qynenic
11ft in takiang off is small,*

Wo thus have the olqmonts for calculating the roac-
tions*under tho bottom of a projocted seaplano, . If My
represents the reduced mass of the seaplane for a given
position of the impact force, then, according to equation

'(30), the total impact force is

L./ * ¢ . (36)
- (r + 1*:7,)_3 o

_ where (according to eguation (2)),

- P 1 c®

2 My |
Diffe:éhtiatipn.according to 1 ylelds the length"
1, '

1 = e - (37
S P oeR : : )

of "the contact zone for which we obtain the maximum impact

force

;;mag = o.-z.vo2 My ELE o (38)
For each width ¢ there is .a maximum impact force. The

absolute maximum is obtained with the minimum valuo of
C c. ' -

*In taking off thc hydrodynamic resistanco of tho float

is TR
e Lo vz =1p v a AP LN
Bﬂxw kK Ag + Cf 3 p v. P 1 P v 'b\ K + 0.025 b,
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The valus of the absolute maximum impact force, in the
case of a V bottom with straight sides and constant an-
glo, 1s eas11y found to be

- - 2 — - _
max Jmax = 0.835 cvx'-"g'— ‘\/ Y 7.max Mr . _ (39)

wihere lmax _is the maximum iength of the contact zone,

taking into account the seaway which the float must navi-
gates The maximum Jppyx acts at ¢ 1. ahead of the

step, for which point the reduced mass M, must also be
computed, ‘This formula is also approximately correct for
a varlable bottom V, when ao has a sultable value.

We must also determine whether, for the given loca-
tion of the impact force, the bottom has at least the half-
length | according to equation (37), or whether, taking
into account the seaway which the seaplane must navigate,
the calculated length 1 1is still possible, Otherwise we
nmust determine ¢ (from equation 37) for the actually ex-—
isting 1 corresponding to this value Oc¢ and then calcu-
late Jpax from cquation (38)

~ For a projected seaplane float, it is then easy to
calculate the absolute values Jpsy at various points on

the keel and, after determining the possible lengths 1 of
the contact zone, to computé the values of Jp,x corre-

sponding to the lengths 1. We thus obtain as many groups
of curves as there are assumed widths b of the float at
the step, and as many curves as there are assumed shapes
0f the V bottom. These curves all begin at the step,
first follow an almost rectilinear course, then bend and
reach zZero at the bow of the float, Figures 38 and 39
represeént the results of the calculations for the same
float weighing 15,000 kg (33,070 1b,) and having a speed
of 5 m (1644 ft.) por second, Figure 38 is for a straight
Vv bottom and Figure 39 for a concave V, the width at the
step being reospectively 2 and 3 m (6.56 and 9,84 ft,),
‘The impact leongths were 1.5 and 3 m (4,92 and 9.84 ft,).
For theo flo&t with the straight ¥V bottom, the maxinum
values were obtained for c« 1 m (3,28 ft,) and hence
the wide bottom 1s not subjected to greater impact forces,
For the narrow float with concave bottom V, the impact
forces aré greatest when the contact surface reaches the
chinees The wide float is subjected to smaller impact
forces, The maximum impact forces are therefore absolute,
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-Hence it is possible to calculate, for any.projected type

of float, the: reactions on its bottom in landing, when
the elasticity is negligible with respect to the effect
of the bottom V, The tests made in Germany and summarized
by us (fig. 29)" practically confirm the curves given by
the calculation, (Figs. 38 and 39,) :

Dr, Wagner!s thoory enables us to determine the order
of magnltude of the forces and their distridvution with suf-
ficient approximation, It is based on the hypothesis of
the smallest kepl angles for which the elastic effect of
the float bottom is important and .extends the theory, by
means of an empirical formula, to larger angles for which

the effect of the elasticlity 1s very much less, . This fact

must not be overlooked, .Dr. Wagner's reasoning on the
offect of the elasticity of the bottom for very gmall keol
angles, as a special preexisting bottom shape, must be con-
sldered rathor bold, since the elastic deformation has two
distinct offocts, the first one being a variation in theo
shapo, of which Wagnor's theory takes account, The socc-

.ond offect is the absorption of a cortain kinetiec onergy,
duc to intornal doformation work of the bottom., This is

the groator offect of tho two and is not takon into ac—
count. by Wagnor's theory. To this cause in particular are
to be attributed any discrepancies betwoon the prossuro
diagran according to Wagnor's theory, as determinod across
tho width of the V bottom, and the diagram obtained by
tost measurcmonts, '

PRESENT ACCEPTANCE REQUIREMENTS
We considor.it'pertinont'fo thé problenm under.conéid—

eration to mention briefly the .present requirements in -
various countries, These regquirements, which are general-

1ly applicaedble in principle, to all cases, are therefore.

conventional, but .give, the order of magnitude of the..
forces to be considered,  Italian rogulations have always
specified that acceptance conditions shall be revised from
tine to time. as occasion demands, On the other hand, the
CuleNsAy (Commigsion Internationale ‘de Navigation. Aerienne)
has not yet establlshed any rules for .the acceptance of -

Cemoms e

"Lloats.' T Seda e e ; -

For France the Bureau. Verltas has fixed the. pressure
which must be withstood by the boittom of a fleat—-and con~
sequently by other parts of the same float. This upward .
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pressure on the bottom 1s given in kg/cm2 by the formula

vmi.n
p=K (100

Vmin being the minlmum.speed of sustentation of the sea-
Plane in km/h, and K, a coefficient dependent on the bot-
tom angle at the step,

a = 50 - 10° 15°
k=1 0.9 0.7 045

This pressure is not unlform, however, along the whole
float, but takes the form shown in Figures 40 ‘and 41, ac-
,cordln .to whether the float has one or two steps, The

" distribution is uniform according to the width of the
float. HMoréover, a float rigidly fixed at the height of
the step must withstand a bending stress corresponding to
the application to its boftom of loads one—half those de-~
fined by Flgures 40 'and 41,

. The attachments of heavy parts, capable of developing
‘congiderable forcos of inertia in taking off and in land-
ing, shall be so calculated as to be able to withstand
vertically the woight of the parts supported multiplicd by
five, Jor, if it is groateér, by the ratio of the load do~
fined by Figures 40 and 41 to the weight P of the seca-
planey also to be able to withstand horizontally twice the
anticipated forcoe dus to tho inertia of the masses to bo
supported. In the case of seaplanes with two flcalc, each
shall be considered as a simple float with the co-witlion
that the coefficient X shall be multiplied by C.o.

The French 11terature, as well ‘as the Italian, is very
poor 1n comparison with the others mentioned, _According
to an. artlcle by E., Barrillon (reference 3), engineer-in-
chief of tho naval engineers, in which he dwolls on the
stren th conditions of seanlane floats and 1nvcst1gatcs
the various phases of motion in taking off and in landing,
We nay conclude, with Boutiron, that one of the principal

auses of the delay in solving the proolems of taking off
and landing will dlsappear with the est abllshment of the
naval basin at Marignane.

The Bfitish, however, on the basis of their o¢wn ex-
periments, conclude that: o : :
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! 1, The forebody of a twin-float seaplane nmust withe
stand g Yoad of 3,5P uniformly distributed over a Zone. as
wide as the bottom of the float and that extends from the
step to the beginning of the V bottom at the bow (fig. 42);

2, A11 the parts, keel, keelsons, planking, etc. of
the forebody must withstand a load five times that acting
on these parts when the float 1s immarsed to its water
liney .

-3¢ The aftor body must have the same strength as the
corrosponding part of tho fusclago; o

\ 4, The ports, windows and gun rings must be rein-

i forced locally at the edges, so as to withstand the

1 stresses, The walkways and floors must be able to’ support
, 1,220 kg/m® (249,88 1b./sq.ft.). The United States, as a
result of their tests, decided that (a1Ways assuming the
horizontality of the axis of thrust) it was necessary to
consider three dangerous conditions and verify the break-
ing strength:

1) Normal bow landing; the reaction of the c.g. in
the plane of symmetry of the seaplamse, but so inclined
that, on the axis of thrust, there is a component 1/4 of
, the other component normal to this (fig. 43) and with a
‘ value of 8P!', where ©P' represents the welght .of the
floats and of their supportlng members;

2) Landing on the step with reaction passing
through the c.ge normal to the axis of thrust with the
value 8P!' (fig.. 43), .

I . 3) Landing with lateral load.  The vertical forces
% aro disregarded but, in the plane normal to the axis of
thrust and passing through the center of gravity, a hori-
‘zontal force of 2P acting on the one float (fig. 44),"
or equally distributed over both - floats and acting at half
the depth of the submergad portion of the float, is con=
siderod, Moreover, the American rules prescribe for con-
ventional seaplanes the pressure distribution shown' in‘f
Flgure 43,

B L T N

. Germany.in its-latest.regulations, st111in the ex=
perimental stage, . defines the coqfflcient of impact as
the product

27.*+ «/P yics (40)
1+ /P +./P

u = cg C; G Cg
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where c°,=,1/125 to 1/95, according to the seaway on
. o Q_jwhlch the seaplane must land' o

c, = O 9 to 1.1, accerdiag to the robustness of
the seaplane,

cz = 1 = 0.7 cos (90° - a®), according to the
botiom angle_at“the point of impact;

c; = a coefficient to allow for special conflgura—
tion of the float bottom;

V = horizontal velocity of the eeaplane in km/h;
P = weight in metric tons.
The following cases of landing will be considered. s

1, Normal: a) on-the bow; b) on the step;
: c) on the stern. '

2, On a single float: a) on the bow; D) oa the
S b : step; ¢) on tne stern.

By Leﬁeral:' a) on the bow; 1b) on the'step;
Co T ~c) on the stern, : o

The value and point of application of the force in case 1,
normal, are indicated on Figures 45 and 46, which refer

to the twin-float seaplane and to the flying boat or sin-
gle~float seaplane, respectively. 1In case 2, landing with
a single float, the same figures apply, but the forces are
halved and applled either to the middle of the lateral

. float or to a quarter of the width of the .bottom of the
hull, For a lateral 1and1ng, case 3, always to be con-

. sidered in connection with case 2, Figures 47 and 48 apply,
on which the magnitude of the horlzontal forces are indi-
cated fTor the three cases a, b, and ¢ with the same points

of applicatlon as. 1n the normal case.'

‘The safety factor is 1,55 for the twin-float seavlane
and 1.8 for the single-float seaplane and for the flyiang
boat, The maximum pressure on the bottom for the calcula-
tion of the local strength of the main step will be that
correspondlng to la 5 u P, distributed over 20 per cent of
the submerged area., The displacement of the principal
float or of the hull is.at least snough to support the
weight of the seaplane multlplled by l, 8 or 2 according
"to the seaway. ]

All these regulations are therefore deduced from ex~
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periments, but the nresence of, formula (40) in the German
specifications shows that theoretical investigations are
also involved, ..

DEDUGTIONS AND GONCLvSIONS“

FProm the foregoing it may be concluded that a flat
bottom undergoes an impact force determined by its own
elasticity and by that of ths whole seaplane, whose value
is given by the second formula (20) or by

where the elastic propertles are comprised in K and in
Vye A rigid V bottom of a rigld seaplane undergoes an
1mpact force which may bo roprosonted by

—~ ¢ B (429

where the form characteristics of the V bottom are com-
prised in 0 and in £. It follows from the foregoing
that the impact force is always proportional to the square
roet of the mass, so that, for seaplanes whiech are similar
geometrically and structurally, the impact force- varies
as the square root of their welght, and the impact factors

u = = (43)
vary inVOrsély'as the sgﬁarefroot of the mass or weight,

Thus far the formulas (41) and (42) for J agree, -
This agreement ceases, h_wever, when wo consider tho othor
quantities contained in thom. A rigid V bottom of a rig-
14 seaplano comprises, in formula (42) for J, the square
of the veloclty Vy« The flat bottom rosists, howover,
if it and the wholo seaplane ara elastic, and comprisos
the first powor of said velocity, formula (41). Noilther
a V bottom nor a soaplane shall longer be rigid, and there-
fore evon V bottoms must be olastic, Tho shapeo of the V

. bottom detormines what elomont shall havo the groator of -

foct in the dofinition of J, tho- olasticity or the bot—
tom V. It is doubtloss posqible to imagino a bottom Y so
pronounced that tho offcct of theo.olasticity is almost:
negligible, while small values of the ‘bottom’ V_would yield
very large values for J, if not favorably affected by
the elasticity., For small values 6f the Bottcglv,_it"can
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be eas11y 1nc1uded in the case of landing with a flat bot-
tom,  Hence, for .a gmven 1ength 1 of the impact or con-.
tact surface, a criterion to be kept in mind is to con-
sider a bottom as V~-shaped, if the msan value of its bot-~
tom angle is always graater than the maximum heeling possi-
ble in landing. In this case, formula (42) is applicable,
on condition that it does not yield wvalues greater than
those given Dy formula (41)¢ In any event, there will ex-
ist a mean value an of the bottom V for which formula
(42) yields the same value as the one given by (41) for
the same structural and landing conditions.,  -This common
value of. J, taken as unity, will give, in a certain man-
ner, the measurement of the effect of the bottom V,
Greater values will give percentages less than one, while
smaller values of the bottem V will give percentages
greater than one, which cannot be considere@, because the
structural elasticity comes into play. For a straight 'v
bottom we have plotted in Figure 49% the curve of the per-
centile variation of J in terms of the bottom V, having:
assumed J,, for af = 8% 30!, to be equal to unity, be-
ing verified for this value and for the length 1 .of the
chosen impact surface, the equivalent of J in formulas
(41) and (42), 7From the coordinate points O and 100, we
heve drawn the tangent to thie eurve, indicating on the.
curve the point of the cpopd;nates i and op. This tan-
gent can represent, with the remainder of the curve, the
percentile variation of J for variations in the bottom

V when J, = l. The resulting curvilinear triangle indi-
cates in per cent the part of J due to elasticity, which
is disregarded in formula (42), The possible landing
sneeds can be determined from these curves, .

. By equating the first members of formulas (41) and
(42) for a constant bottom V with, straight 51des, we ob-
taln .

Xg _z
L1

Wﬁ

whére' o is the 1nclinat10n of the bottom and since we "
are dealing with small angles ap, We can con51der the
arc as egual to the tangent and the sine. X and YV, are

*As it is easy to see, the result is a hyperbola referred
to the asymptotes, and it is easily shown to be dpr = 20m,
and the ordinate i = 100/2. _
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constant for a given seaplane.- :If we assume: 1 to. be cone
stant and remember that ¢£. varies. by a.few per cent, we

may consider Oms and therefore. ar., directly proportion~
al to vot . .

Figure 50 represente, for Ja;?fioo corresponding.to
a - predetermined veloclity V,, the values of 'J for vari-
ous velocities Voo having chosen these respectively,
0.7, 0.8, 0.9, 1, O 121, 1.2, 1.3 times" Vo,' and hiving
des1gnated as abscissas, besides the-valuesfof- a, also
the values p° = 180° - 2q°, The values of 'ap and ap
are all on two straight lines issuing from the origin, .
Knowing any value of J, Figure 50 gives the 1mpfct fo§ce

in every case. Note that the straight line y = I Vo am
; . L o m

divides the diagram into two parts. ‘The points of this

1 . .
line correspond to y = 5 VO « For values of o < 2 qp:  tae
equation is y = (l - L éi %—\ while for values of o >

/
'V‘ .
2 qp the equation must be y = %% V_ It is also possidle
o

to plot a figure 11ke Figure 50 for V bottoms with curved
sides, .

In order-to utilize the structural elasticity of ‘the
seaplane in determining the impact force J,, 1let uns note
that the first of the formulas (20), . .

Vo/ E 1 95 o (aa)

compared with formula (41), €ives

wl__ J/ifi—s 5 - ‘
Jl 9. W/ E¥BGT (4 + 3 c). - - (45):
and, if we disregard the value of C; which is small with
respect to A + B, and the value of s°/r w, which is of

a lower order of magnitude with respect to. the others, we-
obtain 2l =

J. . [e 15 . s\ .i::' PR N
7= ./.;(“ ) A

which, with the 10 per cent approximation,ﬂgives the ratio
between the impacts on the bottom and in the center, This
formula also shows the manner of introducing the elastici-
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ty‘ratio' e/c, the 1nert1a ratio s/w of the float and
of "the accalerated water, and’ s/r of the float and all
other parts of the seaplans.

_ We have, therefore, all the data for determining the
maximum stresses in landing and in taking off, when the
'mechanlcal and structural characteristics of’ tho seaplane
are known, What has been said regarding the values of J
also applies to’ the wvalues of 1, In the absence of the
elastic characteristics, it is necessary to resort to ex-

perlmental determlnatlons on other ‘seaplanss,

: The expsrlmental results lead to the conclusion that
the flat bottoms support the, greatest load, but the load.
on stlalght—slded v bottoms increases proport1ona11y with
the increasce in the bottom angle, It may be assumed that,
for a V bottom with @y = O, 3, the maximum contingent

stresses .are about as follows-- :

A) If the wind velocity is zero or in thoe direction
of motion of tho seaplane:

l. In a normal landing on the step, which also
corresponds to one made in line of flight, with a horizon-
tal speéd of 80 to 120 km (50 to 75 mi.) per hour and the
corresponding attitude, the maXimum reaction otcurs imme-
diately forward of the main step for the duration of 0,01
to 0,05 second with a resultant passing very near the c.ge
of the seaplane having a distribution, which may be as-:
sumed to be uniform; of about 0465 kg/cm® (9.24 1b./sq.in.),
or triangular in plan and in height, with a maXimum value
of sbout 0.8 kg/em2® (11.38 1b,. /Sq.ln ) at the apex, de-
creasing toward the chine to almost 0.4 and toward the bow
to almost 0,65, The magnitude of the central resultant
may amount to 4,5P, but the bottom of the float supports
an acceleration of about 2g moro., It is interesting, how-
ever, to note that taxying on waves 50 to 80 cm (19.7 to
3145 in.) high may givoe similar valucs of the resultant,
becausce tho fall from the wave produces a vortical voloc—
ity of 3 to 4 m/s (9.84 to 13.12 f£t,/sec.), which, cou-
bined with that of translation, yiclds loads noarly cqual
to the precoding,

2, In landing on rough wator, tho force is applied
toward the middle of the forebody of the float with an ine
tonsity slightly less but of tho same duration, and with
. triangular configuration but of constant value to the for-
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ward 1limlt, with increasing pressure halfway to the step.
The. vertical acceleration remains the same, while the hor-
izontal acceleration is somewhat greater and attalns a.

~value 0,9g in the direction, of the axLe...

3 In taking off-or-taxylng in a eeaway, the max-
imum reaction occurs at the bow with an approximate in-

tensity of- 2/3 in the first case with resultant of plane

of sy-metry of the seaplane. and inclined aft 'so.as to
form an angle of 10 to 20° with the normal to the line of
the keel, As regards the point of application of the re-
sultant, it may be assumed to be at about the center of
the forebody of the float,

4, Landing on the aftor body, which also corre~

‘ sponds to violent pitching on rough water, .Tho.resultant

is always in tho planoc of symmotry and applied normal  to
tho keel abaft the step with nniform or trapezoidal d4dis-
tribution, grenter prossures toward the stern, intensity
of force 0.5, case 1, It ig also well to rcmombor thc
pronouncod 1ift of the wing in thls caso.

B) In a'cross'w1nd'.‘

5; The oxperlmonts show an accoleration of about
1/7 of the maximum vertical., Horizontal forces are con-
sidered in planes normal to the axis of thrust, passing
through the points of application of the forces in cases
1 to 4 and applied at half the immersion depth of the sec~
tion on which they act ,and having a magnitude of- 1/7 of
those corresponding to the preceding cases and with uni-
form distribution ovor the side or sides in correspond- -
ence with the distribution of the predicted forces,

- Translation by Dwight M; Hinef,

Tational Advisory Committoe
for Aeronautics.
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Pig.32 Diagram of seaplane-float system.

Fig.34¢ Diagzram of ecceantric iupact of
the two-mass sysiem.
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Fig., 35 Field of velocity on impact.
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Fig. 36 Variations of J with variations in ghape of
bottom and in weight P, V =3 m/s.
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Fig., 37 Variation of impact force,




]

N.A.C.A., Technical Memorandum No, 677 Pigs. 38,39
o _
8 lgg_ Imax (b= 2m)
o+
max ___\
"?' 60_ max = b gm
]
< 40 m -
5 a0 X (1=1,5 p) - Z.F.M
.; J L i . J— 1

Fig. 38 Impact forces for P=15 tons and V,=5 m/s for length

1=1.5 and 2 m and maximum impact forces. Straight V.
o= 0.25
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Fig, 39 Impact forces for P=15 tons and V=5 m/s for 1=1.5
and 3 m and maximum impact forces. Concave V bottom.

ZZ




a6 -

w2

N.A.C.A. Technical Memorandum No. 677 Figs. 40,41,42

Fig. 40 Pressure distribution according
to "Bureau Veritas".

Fig., 41 Pressure distribution according
to "Bureau Veritas",

_Beginning of
V bottom
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a) 0.18 uP
b) 0.25 uP
c) 0.10 uvP——

Figs. 46,47,48
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Fig. 49 Variations in impact force with
bottom angle and elasticity.
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Fig. 50 Variations in imvact force.
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